Background: In an aging society, it is important to provide community-dwelling frail elderly with ongoing social services to maintain and improve their physical function. The purpose of this study was to investigate the effects of physical fitness, posture, and quality of life (QoL) on community-dwelling elderly using pole walking at a day service center. Materials and methods: Participants were recruited from day service users, and a control group and intervention (pole walking) group were randomly selected. Pole walking group members were allowed to use poles during walking and ambulation in the daily routine of a day service center for 3 months. Thirty-five and 22 participants in the control and pole walking groups, respectively, were measured for physical fitness, posture, and QoL at the baseline and at the final session, and the measurements were compared to pre-and postintervention levels in both groups. Results: In the control group, a timed up and go test after 3 months was performed significantly slower than at baseline (p < 0.05, power ¼ 0.13, effect size ¼ 0.13). The Physical Component Summary score of the MOS 8-item Short Form Health Survey was significantly increased compared to the score at baseline (p < 0.01, power ¼ 0.64, effect size ¼ 0.47) in the pole walking group. Conclusion: The effects of 3 months of pole walking on community-dwelling elderly day service users showed improved Physical Component Summary scores of higher QoL. However, there was no significant effect of physical functions due to the intervention.
Introduction
In aging societies, maintaining or improving the physical function, activities of daily living (ADL), and quality of life (QoL) of the elderly is important. It allows them to live independently and to have longer, healthier lives. The community care programs developed for these purposes have reduced the use of institutional care services and lowered mortality 1 in many countries. Japan introduced a universal-coverage long-term care insurance program in April 2000 2 . Day service is one of the major in-home services covered by the long-term care insurance program. It is a facilitybased daytime program of nursing care providing meals and bathing, functional training, supervision, and socialization. It enables frail, older people who are in poor overall health, with multiple comorbid illnesses and varying physical or mental impairment, to remain in the community. The users of day service centers are also provided with transportation service, which enables participation in the day care service for the communitydwelling elderly who cannot travel from their home to the center by themselves, or do not have family members to take them there. For this reason, many frail elderly community-dwellers with deteriorated physical function are able to use day service centers. Therefore, intervention physical exercise used at day service centers must be one of the most adequate approaches for maintaining and improving physical function and ADL for the communitydwelling frail elderly. Moreover, because it was covered by the care insurance program, the day service center intervention could be continuously implemented. However, because only a few rehabilitation specialists (such as physical therapists and occupational therapists) are affiliated with such centers in Japan, the intervention exercises at a day service center must be kept simple; the day care service users visit a few times/week and they have little time for intervention in real conditions. Walking with poles has become widespread as a recreational exercise and sport. Using poles theoretically increases the weightbearing area, and is assumed to stabilize walking for the elderly. There are several reports on the effects in patients with Parkinson's disease 3 and intermittent claudication 4 . Pole walking is one of the styles used for walking with poles. The pole walking technique involves placing the pole in the front position (Fig. 1) , which is the same method used with the T-cane. Therefore, pole walking was assumed to be a simpler walking technique for elderly people.
From the above, incorporating pole walking during walking or ambulation in the daily routine of day service centers is assumed to be an appropriate and adequate health intervention for the elderly in day service centers in real conditions. The purpose of this study was to investigate the effects pole walking application would have on the physical fitness and QoL of community-dwelling elderly using day service centers. Additionally, because using poles is expected to improve posture 5 , which is related to physical fitness in elderly people, 6,7 the effect of pole walking on whole body posture was also examined in this study.
Materials and methods

Participants
Prior to the start of the study, its contents were first introduced in the Hanaso-kai, a day service center self-study group, at an explanatory meeting in Toyohashi City. The eligibility criteria of the day service center were registered by the long-term care insurance program. Participants who were recruited from five day service center facilities gave their consent after a previous explanatory meeting. The five facilities were randomized using randomly selected table numbers, with the intervention group (pole walking group) having two facilities, and the control group having three facilities. Inclusion criteria were being able to walk independently or to walk under supervision, to attend the day service twice/week, and to have no severe cognitive impairment (no orientation disorder and being able to do a 3-digit span backward). The exclusion criterion was the inability to use poles because of palsy of the hands and fingers. The baseline used as the first session in this study was from August 2010 to September 2010. The second session, established as final analysis after 3 months of intervention, was from November 2010 to December 2010.
Overall, a total of 66 participants (pole walking group: 28 individuals; control group: 38 individuals) were measured as the first outcome. The baseline characteristics and all measurements of the participants are shown in Table 1 . All participants were informed as to the nature of the study, and informed consent in writing was obtained, as required by the Ethics Committee of the School of Medicine, Nagoya University.
Thirty-five and 22 participants in the control and pole walking groups, respectively, were evaluated in the second session, 3 months after the first session. A total of nine participants could not be measured at the second session (Refused to assess; n ¼ 2, Sickness; n ¼ 4, Bone fracture; n ¼ 1, Leave day service; n ¼ 1, Missed last visit; n ¼ 1, Fig. 2 ). Differences in participant characteristics between both groups in the final analysis are shown in Table 1 .
Intervention
Pole walking was used as the intervention for three months at day service centers the participants attended. Pole walking requires use of the pole in a diagonal position, though the pole makes contact with the ground in front of the body (forward pole position; Fig. 1 ). The length of the pole was adjusted to 65% of the participant's height. Pole walking was applied to the ambulation for ADL and walking as long as the participants could attend the daily Fig. 1 . Pole walking. Pole is positioned diagonally and makes contact with the ground in front of the body (forward pole position). Pole Walking use by People in Day Service Centersroutine of each day service center. Participants in the control group were allowed to follow their usual schedule each day at their day service centers. The walking poles used were Revita-2 (Sinano Co., Nagano, Japan).
Assessment
Measurements of physical fitness, posture, and QoL were evaluated pre-and postintervention. All measurements were performed at the day service centers.
Physical fitness Knee extensor strength, back muscle strength, one-legged standing time with eyes open test, and the timed up and go (TUG) test were used to the physical fitness test. The respective methods used to measure each item are described below.
Isometric knee extension strength was tested twice using a hand-held dynamometer (MicroFET2; Hoggan Health, Salt Lake City, UT, USA). The maximum isometric muscle strength of both legs was measured while the participant was sitting on a chair without a backrest and the knee was flexed to 90 . A testing pad was attached to the front lower leg of the participant and strapped to the leg of the chair. The participant was instructed to push the pad with maximal strength. Two trials were conducted, and the peak force of the higher score was recorded.
Back muscle strength was determined from the maximal isometric strength of the trunk muscles in a standing posture with 30 lumbar flexion using a back muscle strength meter (TTM; Takei Co. Ltd., Kanagawa, Japan). The maximum strength in each trial was measured, and the maximum force from two trials was used in the final analysis.
For the one-legged standing time with eyes open test, the length of time participants were able to stand on one leg with their hands placed on their waist was measured using a stopwatch. The dominant leg was measured twice, and the maximum length of time was taken as the measured value. The dominant side was determined as the leg used to kick a ball.
The TUG procedure includes rising from a chair, walking 3 m, turning around, walking back, and sitting down again 8 . The participants were asked to walk 3 m at normal speed. Health-related QoL Health-related QoL (HRQoL) was measured by MOS 8-item Short Form Health Survey (SF-8) 9 . SF-8 consists of single items/scales that describe each of the eight dimensions of health in the MOS 36-item Short Form Health Survey: general health, physical function, role physical, bodily pain, vitality, role emotional, mental health, and social function. The physical and mental summary scales were computed according to the SF-8 manual. A higher score indicates better functioning and less symptoms. The Physical Component Summary and Mental Component Summary were used in this study.
Posture evaluation The measurement of whole-body posture was used according to previous reports 10, 11 . Eleven spherical colored, reflective markers with a diameter of 30 mm were attached to specific anatomic landmarks of participants' bodies in the standing position (Fig. 3 ). An ear marker was attached to the center of the earphone with an ear hook, and the other face marker was attached to the midpoint between the right corner of the mouth and the right nasal ala. Thoracic vertebra (T1), T3, T11, lumbar vertebra (L1), sacral vertebra (S2), anterior superior iliac spine, greater trochanter, lateral epicondyle, and lateral malleolus also had markers attached. Participants wore black fitting shirts and short pants during video recording. The right side of the participants was videotaped as they stood with bare feet in a quiet erect position for 5 seconds and watched a target adjusted to eye height. Participants placed both hands lightly on a stable anterior support approximately at the groin. Patients each had their postures measured three times. Fig. 3 illustrates the angle definitions and calculations. The location of each skin reference marker on the 5-second videotaped images taken by a digital videocamera (GR-D850; JVC, Tokyo, Japan) was automatically digitized at a frequency of 60 samples/second using a Total motion coordinator Lite (Toso System Ltd., Ageo city, Japan). The average from the three measurements of these posture data was used in the final analysis.
Increasing upper cervical spine angles indicate increasing chinup, and decreased neck slope angles show the increasing forward head position as a negative change. An increasing thoracic spine angle indicates increasing thoracic kyphosis. Increasing lumbar spine angles denote increasing lumbar flexion. An increasing pelvic plane angle indicates an increasing anterior pelvic tilt.
Reliability study
Prior to the study, the intratester reliability of each angle measurement was established on 2 separate days (Day 1 and Day 2).
Intratester reliability of each angle was assessed using intraclass correlation coefficient (ICC). The standard error of measurement was calculated using the following equation: standard deviation Â(O1 e ICC). To further investigate the real change beyond measurement error of whole-body posture in assessing each angle, the smallest real difference 12 was used to indicate the magnitude of change (or differences between populations) that would exceed the expected trial-to-trial variability. The smallest real difference was calculated using the following equation: 1.96 Â O2 Â standard error of measurement 12 . In other words, the smallest real difference is the smallest measurement change that can be interpreted as a real difference. Descriptive statistics of each angle on two separate occasions and testeretest reproducibility results are presented in Table 2 .
Data analysis
Differences in participant characteristics and sex ratio between both groups were analyzed using unpaired t test and Fisher's exact test. Differences between all data of pre-and postintervention in each control and pole walking group were analyzed using paired t test. All analyses were performed using SPSS version 16 (IBM Japan, Chuo ward, Tokyo, Japan). The significance level was set at p < 0.05.
Results
The changes in measurements between pre-and postintervention in the control group were presented in Table 3 . TUG after 3 months was significantly slower than it was at baseline (p < 0.05). Neck slope angles and pelvic plane angles were significantly decreased (p < 0.05). The lumbar spine angle was also significantly decreased (p < 0.01).
The average total implementation time of pole walking was 229.3 minutes, and the average length of time with pole walking/ day and its frequency of use/week were 9.7 minutes and 2.0 times, respectively. The changes in measurements between pre-and postintervention with pole walking are presented in Table 4 . Upper cervical angle was significantly decreased compared to the angle at baseline (p < 0.01), and the pelvic plane angle was significantly decreased (p < 0.05). The Physical Component Summary of the SF-8 was significantly increased compared to the score at baseline (p < 0.05).
Discussion
There were no significant differences in almost all of the data between both groups at baseline (Table 1) . Only the differences in height between groups were significant. Although there was no significant difference in the sex ratio between the groups (p ¼ 0.09), the difference in height was assumed to be affected by the sex ratio (male/female: intervention group 9/19, control group 4/34).
The differences in all measurement changes in the pole walking group were found to be Physical Component Summary and the posture measurements such as upper cervical angle (chin-updown) and pelvic plane angle. By contrast, the significant changes in the control group were obtained in TUG, neck slope angle (forward head position), lumbar spine angle, and pelvic plane angle. All of the significant changes in the control group were negative changes in frail elderly people. Additionally, a subanalysis was conducted on the control group TUG and the intervention group's Physical Component Summary of SF-8, which showed significant differences in main outcomes using two-way repeated-measures analysis of variance [(pre-vs. postintervention) Â the facilities] to adjust the facilities. The results of the analyses in both TUG and Physical Component Summary of the SF-8 were significantly different between pre-and postintervention to adjust the facilities (p ¼ 0.030, p ¼ 0.023, respectively).
For the primary outcome, TUG in the control group 3 months after baseline was significantly decreased, whereas TUG in the pole walking group counterpart was not. TUG has been widely used as a physical function test for elderly people, and reportedly has a relation with the risk of fall rate 13 , fear of falling 13, 14 , instrumental activity of daily living disability 14 , and balance 8 . Therefore, participants in the pole walking group were assumed to maintain the factors, which have important roles in the physical function of elderly people. However, the power was 0.13 and the effect size was 0.13. For this reason, we could not conclude that TUG in control group was delayed between pre-and postintervention. Finally, we could not obtain the effect of pole walking for TUG.
For the second primary outcome of Physical Component Summary of the SF-8, the Physical Component Summary was significantly improved, but only in the pole walking group. The Physical Component Summary is associated with physical function 15 and physical activity 16 . However, the results of this study do not reflect improvement of physical functions, such as strength of the knee extensor and back muscle, one-legged standing time with eyes open, and TUG. One intervention study using pole walking 17 reported a tendency of the Physical Component Summary to improve (p ¼ 0.057) by 6 weeks of intervention. Using a tool (pole) in pole walking could affect the Physical Component Summary compared to walking without the pole. However, the power and the effect size of the Physical Component Summary in the intervention group of the present study was 0.64 and 0.47, respectively. It is necessary to recognize the improvement in the Physical Component Summary of HRQoL under the power and the effect size. For the posture alignment, the upper cervical angle was decreased from 127.0 to 122.6 due to intervention in the pole walking group, and the change was significant by paired t test. However, the positive change in upper cervical angle with pole walking was 4.4 , and the smallest real difference of the upper cervical angle was 5.6 . This change was not larger than the smallest real difference of the smallest measurement change in this posture assessment. Therefore, we could not conclude that the upper cervical angle was significantly improved. In the same way as considered for the smallest real difference, all of the significant posture changes in both groups were within each smallest real difference without the pelvic plane angle. We have concluded that the effects by these intervention conditions were not affected by the posture alignments.
Pelvic plane angles of control and pole walking groups were significantly decreased 2.1 and 2.7 , respectively, and the changes were > 1.6 of the smallest real difference. Decreased pelvic plane angle, which indicates decreased anterior pelvic tilt, would be related to the posteriorized center of body mass. Therefore, any change in the reduced anterior pelvic tilt should be a negative one for the elderly in both groups for 3 months.
Nordic walking (a physical activity similar to pole walking) has also become a widespread recreational exercise. Its effects have been described as increased oxygen consumption and heart rate compared to ordinary walking, without increasing the walker's perception of exertion 18e20 . Positive effects for patients with depression 21 , Parkinson's disease 3 , and cardiovascular diseases 22 have also been reported. Moreover, other effects such as reducing the load on the lower extremity with Nordic walking compared to ordinary walking have been described in the literature 23 . Nordic walking has been reported to increase stride and walking speed compared to level walking 23, 24 . Pole walking is assumed to have effects similar to Nordic walking. Moreover, the pole front position (pole walking) is the same method used with a T-cane. Therefore, the pole front technique was assumed to be a simpler technique for middle-aged and elderly people compared to Nordic walking. The technique of walking with poles in Nordic walking allows walkers to place the pole in a diagonal position and angle it backward until it makes contact with the ground between both feet in the sagittal plane (backward pole position) according to the definition of Nordic walking on the International Nordic Walking Federation website 5 . Nordic walkers are also recommended to receive instruction from a licensed instructor. Compared to Nordic walking, pole walking can be more simply applied to community-dwelling elderly people.
There are several limitations in this study. The first is random allocation of the facilities. It should have allocated participants within the same day care service center, because both groups should undergo the same conditions except for pole walking. However, this random allocation was unavoidable, because of the requirements made by representatives of day care services. The second limitation was the small intervention, which was pole walking for 9.7 minutes/day and twice/week. However, the purpose of the present study included investigation of the effects in a day care service center that was supported by the social security system (long-term insurance) in real conditions, for possibly continuous intervention for community-dwelling frail elderly. In reality, the possible time for pole walking was twice/week and 10 minutes/day in the day service center. Although participants were not allowed to engage in new physical exercises for 3 months, it would be difficult to predicate that the positive effect derives only from intervention. There are two important and novel findings in this study. First, the effects of pole walking during 3 months for communitydwelling elderly day service users were the improved Physical Component Summary (p < 0.01, power ¼ 0.64, effect size ¼ 0.47). Second, pole walking could be applied to day services in real situations and ordinary daily living as part of the long-term insurance program. This means that this intervention could be carried on as one of the day service's long-term care approaches for communitydwelling frail elderly.
